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ABSTRACT
Most methods used for determining the modulation
transfer function of a photographic film require that a
sinusoidal intensity distribution object be imaged on the
film and the resultant effective exposure modulation compared
to the object modulation. This paper describes the investi
gation of the feasibility of generating a sinusoidal intensity
distribution from a crenelate pattern by incoherent spatial
filtering using non-monochromatic radiation.
Using a Kodak Ektar Enlarging Lens (focal length of
100 mm.) at f/8 it has been found that images may be spatially
filtered up to 30 cycles/mm while maintaining a modulation
of 62# in white light (tungsten illumination). At this
frequency the third harmonic is about 10# of the D.C. level
in white light and approaching 13# in blue (Wratten Filter
#47) radiation. The magnitude of the third harmonic appears
to limit the range of this system from 5 "to 30 cycles/mm if
the user can tolerate a 10# third harmonic. At frequencies
lower than 30 cycles/mm the third harmonic was considerably
less.
The average energy required in the object plane for
this particular type of system is 70 lumens/cm2- steradian.
All work on this project was carried out using a General
Electric DVY, 120 volt Quartzline lamp as a source and
Kodak Panatomic X film (ASA 40).
INTRODUCTION
INTRODUCTION
In the history of photographic systems many methods
have been devised to determine the performance of an optical
system. In the past two decades the most of the work has
been centered around the optical transfer function, composed
of the modulation transfer function and the phase transfer
1 2
function. ' One of the basic requirements for evaluating
the transfer function of a system is that an object of a
sinusoidal intensity distribution with a known modulation be
imaged by the system. The reason for the choice of a sinu
soidal intensity distribution target lies in the fact that
no matter how badly a lens images an incoherently illuminated
sinusoidal pattern, in the isoplanatic region of the lens,
the image remains sinusoidal with changes occuring only in
the phase and contrast. 3 Work has been attempted using
square wave distributions but the computation involved limits
the application of this approach.
The major difficulty in testing a system under the
transfer function approach is the generation of the sinusoidal
intensity distributions such that the exposure and spectral
distribution corresponds to those under which the system will
be used. In 1956, Kapany devised an integrating sphere
technique which utilizes a square wave as the original target,
converting it into a sine wave,
'
This system requires pre
cision gearing and movements to assure optimum quality,
Lamberts reported a system used by Eastman Kodak and now
widely accepted by the industry which utilizes variable
area targets and cylindrical lenses to generate a sinusoidal
output.
^
rpne ma-jQj. disadvantage of Lamberts1 system
is its complexity, A modified Twyman-Green interferometer
has been used to generate variable frequency sine wave
patterns but this system requires at least quasi-monochromatic
radiation.' Other techniques, sometimes referred to as
image smearing, have been used with more or less success.
If any of the above systems are used to generate an
intermediate image on film which in turn is exposed on the
test film there is a tendency to introduce harmonic distortion
8 9
due to the Intermediate film-exposure step required.
' 7
The use of lasers and Ronchi rulings with modern
optical data process technique s10"1^ suggests spatial
filtering techniques to produce the sinusoidal distribution
but this requires coherent, monochromatic illumination
very much unlike most test systems applications.
Some attempts have been made at spatial filtering
with incoherent, non-monochromatic radiation yielding
encouraging
results.1^
If this approach were pursued it
should be possible to produce a device where by sinusoidal
intensity distributions of various frequencies could be
produced from square waves which are easy and inexpensive
to produce while spectral distributions of energy could be
matched to the test system application.
In this research project an attempt was made to
determine if incoherent spatial filtering was indeed a
feasible method for generating sinusoidal distributions.
Investigations were carried out under limited conditions
allowing for the testing of frequencies up to 30 cycles/mm
with a spectral distribution of 3200 K (General Electric
DVY, 120 volt, Quartzline lamp). These lower frequencies
are of particular interest in the graphic arts and tele
vision industries as systems in their areas of interest work
with lower frequency content images.
THEORETICAL BACKGROUND
THEORETICAL BACKGROUND
The frequency spectrum of the Ronchi ruling can be
best described by the Fourier series for a periodic square
wave (the one dimensional case). The object pattern is
in general described by
f (x)s
aQ
? a. sinx ? a^sin3x + a^sin5x+. . . .
A lens can be used to filter the object pattern
'
and allow
only that energy representing the first two terms to pass
through the system. In this case the image will consist of
a sinusoidal image of the lowest frequency (fundamental
harmonic) present in the original object taking into account







Basic formulae are derived by Goodman
J
to determine
the cut-off frequency of an optical system (see Figure 3).
Since these equations assume that the determinations are being
made in the exit pupil of the system an immediate modification
of the equations was necessary as the spatial filter could
only be placed about 2 cm, from the exit pupil.
In order to determine the slit width required to
filter out the unwanted higher harmonics in the image it is
necessary to know the cut-off frequency required. Assuming
that there are only odd harmonics present in the image (this
assumption was confirmed in the experimental work) the cut
off frequency, fQ, should be three times the image frequency,
fi? (see Figure 3) allowing none of the third harmonic to enter
the image area.






f cut-off frequency in cycles/mm
L = the slit width required
F = Focal length of the system
/[
= the wavelength of radiation used.
Since the radiation to be used is broad band in nature
one wavelength must be chosen and used for all calculations.
Since the shorter wavelengths (blue light) will require
a narrower slit width than any other wave length for any
one specified frequency the wavelength of .4 micro-meters
was chosen. If all calculations are made at this wave length
and the higher harmonics are eliminated in the blue light
8
then one can be assured that the higher harmonics will not
be present in the longer wavelengths.
A test series was run at 5 cycles/mm using various
slit widths (from ,8 mm to 1.8 mm with the calculated width
of 1,2mm ). As can be seen from Table 1 a ratio of third
harmonic to the D.C. level will be less than .10 for a width
of 1,1 mm or less.





0.80 1.030 0.026 0.000
1.00 0.993 0.004 0.001
1.10 1.140 0,076 0.001
1.20 1.180 0.190 0.003
1.50 1.080 0.120 0.001
1.80 1.220 0.234 0.004
TABLE 1
Slit width compared to harmonic ratios
for 5 cycle/mm image frequency in
white light.
In addition the modulation of white light and blue
light were compared for these slit widths. If the slit were
to become quite narrow the modulation of the longer wave lengths
would be reduced. The image at all wave lengths in the spectrum
should have approximately the same modulation. As can be
seen from Table 2 the slit width of 1.1 mm offers the least
difference in modulation for blue, red, and white light for
this particular system and geometry. Hence, 1.1 mm was
chosen as the slit width for 5 cycles/mm.














1.00 0.813 0.750 0.791
1.10 0.806 0.812 0.832




Modulation compared with slit width for various
"colors"
of light, (Broad band filters)
Using this information it is possible to derive an
equation for the slit width at this frequency and apply it
to the determination of slit widths for higher frequencies
due to the linearity of the system. This derivation yields
L = 5.5fF^.
Applying this formula indicates a slit width of 6,6
mm is required to filter the higher harmonics for a 30 cycle/mm
image. This width is getting quite large and is approaching






The basic optical system used in experimentation
(see Figures 1 and 2) consists of a source which is
diffused by frosted glass, the object (a Ronchi ruling),
an Ektar Enlarging Lens used at f/8 and a magnification of
0.40, a spatial filter consisting of a slit in opaque
material, a microscope objective and a Pentax camera body
for recording the filtered image.
The filtered image falls just in front of the
microscope objective. The purpose of this objective is to
enlarge the image for recording on Panatomic X film. This
enlargement keeps the imaging frequency on the film very
low to avoid the possibility of introducing harmonic
distortion from the film and to reduce the modulation effects
from the film itself. Most of the tests were carried out
with the frequency in the film plane lower than 1 cycle/mm.
Light Source
The light source used in the experimentation was
a Kodak "Sun Gun", with a G.E. DVY Quartzline lamp. The
spectral quality of this source is comparable to the ideal
12
3200 K source. A DVY lamp is a Quartzline type source normally
used for making home movies.
Due to the excessive heat output of this source it
was necessary to use a heat absorber before the frosted glass.
Even so, the source could be operated for only a few minutes
without overheating the surrounding optical bench fixtures.
This source was extremely inefficient, however, as most of
the radiation was projected into the laboratory with a cone
of about
5
actually reaching the Ronchi ruling and of that,
only
2
of a cone was used to illuminate the area of the
ruling that was imaged.
It has been estimated that when filtering an image
of 5 cycles/mm and exposing this image on Panatomic X film
(ASA 40) the source must be such that the frosted glass
directly behind the Ronchi ruling must have an average radiance
of 70 lumens/cm2-steradian. With the proper condensor optics
this should be easy to obtain with more efficiency than the
present source allows.
The frosted glass diffuses the source and assures
that the illumination is even over the portion of the
object target required for the system. A medium coarse
frosted glass was used.
Ronchi Ruling
The objects that are to be imaged and subsequently
filtered must be of a high quality and must consist of a
13
series of opaque and clear bars or lines on an appropriate
substratum. Such object targets are usually referred to as
Ronchi rulings. It is not necessary for the dark portions
of these rulings to be completely opaque but the higher the
contrast of the object, the higher the contrast and hence
modulation of the image. The edges of the lines of the
rulings should be sharp as any imperfections will add harmonic
distortion to the system. The periodicity should be constant
with exactly half of the period being the opaque portion
of the ruling and the other half being the clear portion.
The Ronchi rulings used in this experimentation
were purchased from Edmund Scientific. Three frequencies
were used and subsequently reduced in the optical system
to give the required frequencies. The Ronchi ruling
frequencies used were 11.8, 3.9, and 1.9 cycles/mm.
Ektar Lens
The lens used In this optical system was a Kodak
Ektar Enlarging Lens, f/4. 5, 100 mm focal length. This
lens was chosen for its flatness of field and good degree
of color correction noted in preliminary testing. Through
out the experimentation this lens was operated at an aperture
of f/8 since at this setting the amount of color and
diffraction were minimized. The lens was aligned to the
optical system using
Boys1
points alignment. The conjugates
14
were chosen such that the magnification would be 0.40. The
three frequency targets would thus give image frequencies
of 5, 10, and 30 cycles/mm.
Spatial Filter
The spatial filter is a Spindler and Hoyer adjustable
slit. This was used for the two lower frequencies but was
not adequate to filter the higher frequency as a slit width
of 6,6 mm was required. This was acomplished by the use of
two razor blades.
MAcrpscope
The microscope shown in Figure 1 consists of a
10X objective and the microscope tube only. The eyepiece was
removed as the degree of magnification did not require
Its use. The purpose of the microscope here is just to
magnify the filtered image and project it onto the film plane
in the camera body. Normally the image plane and film plane
would be one and the same and looated slightly in front of
the microscope objective.
Camera Body and Optical Bench
The Honeywell Pentax camera body was used merely
as a roll film holder and film plane on which to image the
enlarged distributions. The complete system was based on a











along with point sources and
alignment targets.
Since the system with the spatial filter in place
has a low numerical aperture it was thought that the
depth of focus should be no problem. To assure this two
points, one on either side of visual focus (without the
spatial filter) were noted. A focus series was run with
the spatial filter in place yielding the results in
Table 3.












Modulation variance with change in focal
position for white light, 5 cycles/mm image.
17
At relative positions 5 and 13 the image was visually out of
focus without the filter so that the high value of 89.5/6
may be attributed to experimental error. It can be seen
that the change in focal position does not adversely effect
the modulation of the system with the spatial filter in place
when the slit is small. This is in agreement with the
Rayleigh criterion for the limit on
focus.1"
Checks were made to determine modulation differences
with various colors of light. All work in this project
done with different distributions of radiation was accomplished










Wratten filters used in experimentation.
In some preliminary tests these filters were narrow band
enough to indicate focus shifts in the optics (without the
spatial filter) due to residual color. Definite shifts in
modulation were noted due to the color (using one frequency
and one slit width). Hence, it was necessary to investigate
color problems when measuring the performance of the system.
18
Since it was decided to image the sinusoidal distri
butions on film and evaluate them after tracing on a
microdensitometer and working back through the film curve to
obtain exposure from the density values a method was needed
to perform the required interpolation. A computer program
was developed to take inputs of density along a sinusoidal
trace and return the actual exposure values for each density
point and also determine the modulation and perform a Fourier
Analysis of the data to detect the presence of unwanted
higher harmonics. The complete description of this program
is included under "Data Analysis" and a copy of the program
is included in the "Appendix" of this report.
Concluding Work
All of the exposures were made on the basic optical
system using Panatomic X film enlarging the filtered images
with a 10X microscope objective to avoid image modulation
due to the film. The film was processed in DK-50 developer
at 75 for three minutes, using intermittent agitation in
a small tank. Each roll of film processed included a
sensitometric strip and was processed immediately after
exposing both the images and the sensi-strip. Exposure times
ranged from 1 second with white light to 16 seconds for blue
light with filters being placed between the source and the
Ronchi rulings.
19
These exposure times are not consistent with most
modulation transfer function testing applications. Normally
the user wishes to use exposures consistent with those found:
in actual applications situations, i.e., less than one second.
It should be pointed out that these exposures were made after
the original filtered image was enlarged by a 10X objective
and hence if the film were placed in the true image plane
the exposures would be of the correct order of magnitude.
It was determined that to properly expose Panatomic X film
to the filtered image a source system of 70 lumens/cm2-steradian
would be required. This energy could be supplied by condenser
optics and a projection lamp.
The final phase of the evaluation required that
the three selected frequencies of 5, 10, and 30 cycles/mm
be filtered, imaged and evaluated to determine the
modulation and harmonic component ratios (See Table 5). The
evaluations were performed using blue and white light. Any
decrease in the modulation of white light relative to the blue
would indicate that the fundamental harmonic energy distribution
of the longer wavelengths was starting to be filtered out.
Any high harmonic ratios (greater than 10 to 1 5$) in the
blue light would indicate that higher order harmonics are
passing through the system and would degrade the final image
(and possibly reduce the modulation of both blue and white
light images).
20






5 1.029 0.058 0.008 0.774
10 1.130 0.005 0.016 0.830
30 1.090 0.109 0.006 0.620
Blue Light
5 1.083 0.109 0.036 0.802




Harmonic ratios and modulation as related to





After exposing and processing the images were traced
on the Joyce Loebl microdensitometer using slit widths less
than 1/20 of the period and scan ratios such that one period
was traced over 10 cm. For each process batch one sensi
tometric strip was traced using the same microdensitometer
configuration. This was necessary to supply a reference so
that interpolation would allow the determination of actual
exposures and hence avoid the logarithmic nature of the
density traced, A very largSslit height was used to integrate
out excessive noise (the height was approximately 10 times
the width).
After plotting, the relative densities were read and
recorded for computer analysis. Approximately 25 points were
read per period to assure a smooth output curve and a good
accuracy in the Fourier Analysis.
The relative density values were fed to the program
included in the "Appendix" and executed on R.I.T.'s IBM 1800
system. The relative densities were read in for several periods
(usually 3 or 4) and averaged. The relative density values
from the H and D curves are read in along with the corresponding
log exposure values giving rise to these densities, A
23
Lagrangean interpolation1 is performed on the sinusoidal
input densities to determine the log exposure causing each
density at the evaluated points. The relative log exposures
are then converted to relative exposures, the modulation is
determined, and the exposures are normalized to the maximum
exposure in the group. A comparison array is generated for
1 9
plotting and visual comparison and a Fourier Analysis
is performed to determine the magnitude of the harmonics
present.






During the preliminary work a systems error analysis
was carried out. Three exposures were made on different
dates using different emulsion batches, processed using the
standard process but on different dates arid traced on the
microdensitometer on different dates. The modulation and
harmonics were determined using the computer program included
in the "Appendix".
With these three samples the standard deviation for
the system was determined to be less than \% for the harmonics
and less than 50% for the modulation. Since the system was
assumed to be under good control at this point further





As shown in Table 5 the modulation of the image can
be maintained above 60$ at 30 cycles/mm. The proposed
standards for modulation transfer function testing of films
require a modulation of 35#. It can thus be concluded that
the generation of sinusoidal intensity distributions by
incoherent spatial filtering using crenelate patterns for the
systems object is indeed feasible for the range of frequencies






It is the opinion of this writer that this project
should be carried on and that a device should be developed
for the generation of sinusoidal intensity distributions by
incoherent spatial filtering. This image generator should
be compact and relatively simple to operate. The spectral
distribution could be changed using various Wratten
filters. Distributions of higher frequencies could be
produced by reducing the filtered images by a zoom lens
optical system.
Care should be taken at higher frequencies to assure
a good depth of field so that slight shifts in the film
position does not modify the generated image. The final
image should have a modulation of 35# + 5% as suggested
by the "Proposed National Standard Method for Determining the
Photographic Modulation Transfer Function of Photographic
Film" (PH 2-33A).
The following questions or problems are thus proposed
for future investigation:
1. Investigate, using higher grade optics, the
possibility of generating the sinusoidal distributions
at even higher frequencies without resorting to
zoom lens systems.
30
2. Investigate methods for reducing the modulation
of the image in the film plane so that the
conditions proposed by the standard may be met.
Whatever method is used the modulation should be
continuously variable from zero to the maximum
obtainable from the filtered image. A good source
of information on this subject would be the Ealing
Corporation as they make a variable modulation
test target (Ealing DL Variable Modulation Test Target),
3, Determine a method of measuring (or predicting
from calculations) the modulation in the image
plane knowing the parameters of the system so that
the input modulation may be known (or possibly
pre-set) in testing photographic film,
4, Further develop the system such that it might
fit in a housing similar to the Kodak 101 sensi-
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